about ten years ago, under the direction of Professor Husfeldt. During this decade there has been great development in this field; not only in surgery, but also in diagnostic procedures and anmsthetic technique. Diagnosis has become more accurate, new operations have been introduced, and a greater variety of heart malformations have become treatable by surgery. Anesthetic technique has improved tremendously; new fields have been opened up by means of hypotension and hypothermia, and we have developed a safe standard technique, using superficial anasthesia in combination with curarizing drugs; all these have contributed towards ensuring a satisfactory outcome for the patient.
Section of Anaesthetics
President-KATHARINE G. LLOYD-WILLIAMS, C.B.E., M.D., F.F.A. R.C.S. [April 5, 1957] Problems of Anasthesia in Relation to Cardiovascular Surgery By OLE SECHER, M.D.
(Copenhagen) CARDIOVASCULAR surgery was started in the University Hospital, Copenhagen, about ten years ago, under the direction of Professor Husfeldt. During this decade there has been great development in this field; not only in surgery, but also in diagnostic procedures and anmsthetic technique. Diagnosis has become more accurate, new operations have been introduced, and a greater variety of heart malformations have become treatable by surgery. Anesthetic technique has improved tremendously; new fields have been opened up by means of hypotension and hypothermia, and we have developed a safe standard technique, using superficial anasthesia in combination with curarizing drugs; all these have contributed towards ensuring a satisfactory outcome for the patient.
The number of cases presenting for heart surgery has steadily increased over the last ten years: by January 1, 1957, there was a total of 1,005, of which 172 occurred in 1956. In this paper I shall discuss some of the problems which may be encountered in this more specialized form of surgery and anesthesia. Table I represents a summary of the material on which our experience is based and which covers nearly all the branches pertaining to this form of surgery. In other centres, a greater total number of cardiac operations has been performed, but the field has not been so wide.
The largest section of this material is divided into three main groups: patent ductus, tetralogy of Fallot and mitral stenosis. In the other groups a large number of atrial septal defects has been treated and also many pulmonary stenoses with only one fatality. The number of aortic stenoses has been very small and the results extremely bad. Operations for the relief of coronary sclerosis have been few. I should like to say a few words about some of the physiological principles underlying the choice of anesthetic technique. A clear understanding of the importance of CO2 elimination is necessary in order to provide the surgeon with the best operating conditions, and to maintain the patient in a satisfactory physiological state. Cardiac disease can be divided into two main categories, congenital and acquired. The first can be subdivided into cyanotic or non-cyanotic. The presence of cyanosis will depend upon the pressure conditions in the right and left side of the heart and the character of the shunt. Therefore it may be seen that any excessive positive pressure used for ventilation which causes diminution of the pulmonary circulation is undesirable in a patient already suffering from a poor pulmonary circulation. For this reason we have given up completely the use of a respirator for these operations. A diminished pulmonary circulation will also result in a slowing down of the time of uptake and exchange of anaesthetic gases, and therefore it is advisable that only the rapidly acting anesthetic gases should be used. For this reason ether has been given up completely; it also increases hmmoconcentration, and NOVEMBER this is an undesirable side-effect in a patient with a very high hmmoglobin, such as may occur in cases of tetralogy of Fallot. Maintenance of effective ventilation of the patient is difficult during certain parts ofcardiac operations, firstly on account of the collapsed lung, and secondly due to the effects of a partial or complete clamping of the pulmonary artery in a patient already suffering from an inadequate lung circulation. Furthermore the delicate surgical work in progress demands that movements of the mediastinum shall be minimal. Therefore, for children, a special anwsthetic technique is used in which a rapid, small-pressure ventilation of from 40-60 per minute is maintained by means of specially designed equipment (Secher and Nyrop, 1955) , utilizing a closed "to-and-fro" system with absorption ensuring a very small "dead' space". Measurements of body temperature during the use of this equipment have shown that no elevation occurs-even on a warm summer day.
Anesthesia is normally induced in adult patients by giving a barbiturate intravenously; when sleep ensues N20 is added using either a "to-and-fro" or a circle system. Relaxation' is obtained with curare, Flaxedil or Laudolissin. With regard to the more specialized anaesthetic apparatus an electrocardiograph working in combination with an oscilloscope is. considered necessary. Also of great importance is an electric defibrillator and an electric' thermocouple to measure temperature. A capacity manometer is used for assessing the' results of the surgery during the course of the operation. All this apparatus is mobile and' can easily be transported on one trolley.
Patients with a high hemoglobin tolerate thirst badly and are therefore operated upon early in the day. Patients with pericarditis should have the chest aspirated before commencement of anesthesia. Digitalization is only carried out if considered essential. For the, majority of cases we use morphine-atropine premedication, and complications from this have not arisen (Baden et al., 1955) .
Cyclopropane is the anxsthetic of choice for children following induction with nitrous oxide. We usually carry out induction with the child sitting up. The use of the curarizing drugs is restricted to older children and adults. The reasons for this choice of anesthetic technique are, firstly, that with cyclopropane it is always possible to have the patient fully conscious at the conclusion of the operation and, secondly, we find it difficult to calculate -the dose of curarizing drugs necessary for the small child, also we wish to avoid the use of -atropine and neostigmine post-operatively. The latter criterion applies also to adults. During operation we avoid the use of additional drugs (such as procaine, quinidine, &c.) -apart from those used for the treatment of cardiac arrest. After the thorax is opened, 'blockage of the vagus on the same side as the-operation is carried out with local analgesic.
One result of the development of cardiac surgery is that a substantially larger number of -poor-risk cases come for surgery. This is seen especially in the case of children under one -year having exploratory thoracotomies, pleural patent ductus cases with a high pulmonary -pressure, and in the number of reoperations.
A number of patent ductus cases have been operated upon under hypotension, and some ,of the worst-risk patients have undergone hypothermia. Hypotension has been used for Fcoarctation operations with excellent results.
The difficulties encountered when undertaking anisthesia for the patient with cardio--vascular disease are often fewer in number than might be expected in these poor-risk patients. On the other hand when complications do arise, they will as a rule be of a more serious nature than those commonly met with in other branches of surgery. Some of the frequently occurring problems may be classified as follows:
(1) Apparatus.-Very often we are called upon to treat babies and very small children, and here special baby-equipment is required which reduces "dead space" to a minimum if complications are to be avoided. The technique used is of less importance, but it is vital that a free airway and adequate ventilation be maintained.
(2) Anaesthetic complications.-Most patients--telerate-aniesthesia exceedingly well and when difficulties arise they are most commonly related to ventilation rather than to the actual anaesthesia. Frequently patients suffering from the more severe forms of heart disease will be better oxygenated under aneesthesia than in either the pre-operative or postoperative period. One complaint arising from the use of light plane anasthesia and curare technique has been that some patients have said that they were awake during the operation, although they did not experience pain.
A fall in blood pressure is tolerated badly during cardiac surgery, especially when the ,cardiac reserve is small, but if possible we try to avoid the use of drugs in the treatment of this condition. Suspension of the operation and gentle inflation of the lungs is often sufficient. This sudden occurrence of hypotension is frequently seen when turning the patient at the start or end of the operation.
(3) Free airway.-Cases of vascular ring present a problem in the maintenance of a free airway because obstruction of the very soft trachea easily arises during the dissection. Lung (edema occurring during anasthesia and operation has not been seen.
(4) Cardiac function.-Under this heading, or under that of cardiac arrest occur most anasthetic errors of judgment, but it does not often prove possible to isolate these from other contributory factors. Poor heart action may result from inadequate ventilation performed with too high a pressure (this combination caused one of our deaths), overdosage of anaesthetic drugs, pressure on the heart, herniation of the heart through the pericardium, clamping of vessels and heemorrhage. Anoxia and retention of carbon dioxide are also important. Poor cardiac function will usually improve if the operation is stopped and the l-ungs gently inflated.
(5) Cardiac arrest.-We have seen a large number of cases of cardiac arrest and although reluctant to obtain experience in this field, we have learned a great deal about-the treatment of this condition. As a rule one can say that if cardiac arrest occurs where valvular stenosis is present, completion of the valvotomy is essential before any other treatment is attempted. Heart massage should be commenced at the earliest possible moment and further treatment will depend upon the condition of the heart in each individual case. We have achieved success with cardiac massage alone, with calcium chloride alone, or in combination with procaine and adrenaline; ventricular fibrillation has responded to the use of the electric defibrillator and in 22 cases we succeeded in making electrocardiographic recordings during the period of cardiac arrest. [Examples were shown.] (6) Surgical complications.-Haemorrhage is by far the most dangerous complication. It may arise as a result of sutures cutting out, ligatures slipping, or directly from the rupture of vessels or myocardium. Maintenance of the blood volume presents the biggest difficulty. We prepare for this eventuality beforehand by setting up two intravenous drips, and by this. means it is possible to give a large quantity of blood in a very short time. For example, in one case where an aortic aneurysm ruptured 11 litres of blood were given in twenty minutes.
(7) Transfusion.-Determination of blood loss during operation is often a major problem, especially when operating upon very small children, or when severe haemorrhage occurs. In cardiac disease it is only too easy to give excessive amounts of blood or fluid. In our series there occurred two cases where one of the main factors leading to a fatal result was overtransfusion. During one period we attempted to estimate blood loss by swab washing; this method gave good results and helped to train the staff in estimating blood loss. Unfortunately, we were forced to abandon this method due to the laborious nature of the technique. The development of a rapid and accurate technique for the estimation of blood requirements during operation would be an invaluable aid to this type of surgery. We commonly find difficulty with blood from the bank as it seems to block the filters in the giving sets very easily; this may occur at a vital moment. As a rule we use percutaneous drips. for adults, but in small children cut down on a vein and insert a polythene catheter. When urgent transfusion is required a form of roller pump is used.
(8) Post-operative complications.-Apart from the post-operative conditions common to any type of surgery, the main complications following cardiovascular surgery appear to be emboli, himorrhage (especially after Barrett's operation), cardiac insufficiency and difficulties in maintaining fluid balance. Manual ventilation in the immediate post-operative period may prove necessary, as respiratory insufficiency and the patient's inability to cough are likely to give rise to pulmonary complications. In cases of congenital heart disease relatively large doses of morphine post-operatively are advisable as uncontrolled pain will cause a build-up of "pressure respiration", accompanied by severe cyanosis, which must be avoided. In the case of patients operated upon for mitral stenosis, the circulation is unable to stand large quantities of fluid in the post-operative period, and only the very minimum which will maintain the patient in fluid balance should be given. If the operation has proved successful, the circulation will soon be able to mobilize the fluid in the tissues. A special group of patients are those who suffered anoxia during the operation; these were usually cases in which a period of cardiac arrest had occurred. I should like to illustrate this point with two short case histories; the difficulty of giving a prognosis in these cases will also be seen. Case L-Thoracotomy and valvotomy were performed upon a 48-year-old woman. Anesthesia consisted of a barbiturate and nitrous oxide supplemented by Scoline and Laudolissin. Before the valvotomy, measurement of the pressure in the left atrium and ventricle was carried out by means of a capacity manometer. It proved impossible to perform a valvotomy by means of the finger alone, consequently a valvotomy saw was used. During this manceuvre, which occupied nearly five minutes and proved extremely difficult, a severe hrmorrhage occurred, the action of the heart became inadequate and cardiac arrest followed. Cardiac massage was immediately instituted, and 5 ml. of 10% calcium chloride was given to help maintain the tone of the heart muscle. This dose was repeated twice, and cardiac activity then became normal again. Cardiac massage had been given in all for twenty-two minutes.
Post-operatively the patient was unconscious, her left arm was limp and paralysed, the right arm flexed and spastic and small jerking movements were present in the right leg. Ten days later the patient reacted slightly to noise, but no contact could be made with her. After one month an improvement could be seen. She was more awake, but was still unable to answer questions. She could say separate words, but they had no connexion with the question asked. Two months later the patient was talking complete nonsense and having hallucinations. After five months she was swearing like a trooper, but had become more rational and orientated. Six months after the operation the patient could walk, but the extremities were somewhat spastic and the range of movements limited. She now began to develop aggressive tendencies. The question of an operation for her mental condition was discussed, but the idea was abandoned as it was thought that nothing useful would be achieved. The patient was discharged home eight months after the operation. Case II.-A 10-year-old girl with pulmonary stenosis underwent a transpulmonary valvotomy using a "by-pass" technique, by means of a catheter which takes the blood beyond the stenosed part of the artery. while the clamps are on and the valvotomy performed.
Anresthesia was induced with nitrous oxide and maintained with cyclopropane utilizing a closed system (to-and-fro); 10 mg. Laudolissin was given for additional relaxation.
After the by-pass catheter had been inserted, clamps were placed on the pulmonary artery and three to four minutes later the pulmonary artery was opened and remained open for about two minutes. At this time the pupils were of medium size. Ten minutes after the artery had been clamped, cardiac arrest occurred. Treatment by cardiac massage was immediately commenced and the by-pass catheter was removed. The pupils were beginning to dilate and five minutes after the onset of cardiac arrest were maximally dilated. 10 ml. of calcium chloride were given for maintenance of cardiac tone. Now came the onset of ventricular fibrillation and the electric defibrillator (1 5 amp., 0 5 sec. x 2) was used four times, but without effect. 6 ml. of 1°/ lignocaine were now injected, followed by 4 mg. adrenaline, and then again 5 ml. of lignocaine; a further shock was given with the defibrillator using 1 amp. 0-15 sec., and the heart returned to normal rhythm.
Post-operatively, the patient had twitchings of the extremities, was unconscious, pale and cyanotic, but the corneal and pupillary reflexes were present and she reacted to pain. Cooling was instituted in an attempt to reduce the cerebral effects of the anoxia which had occurred during the operation and also in order to prevent a further rise in temperature. The lowering of the body temperature was accomplished by means of ice, cold water, and fans, supplemented with Phenergan and pethidine.
When the temperature had been lowered to 29.-9 C., the patient's condition was seen to have improved.
During the night the temperature rose slowly to around 36°C., and at this level there came rhythmical twitchings in the patient's left arm and leg. This was controlled with barbiturates and pethidine intravenously. The following morning the patient was still unconscious but we were able to remove the tube. Only isolated twitching movements were occurring now in the leg, and these could be controlled with intramuscular pentobarbitone. Her condition continued to improve during the day until in the evening she could be contacted sufficiently to answer questions adequately including remembering her age and birthday. The twitching in the left hand ceased, but the child seemed dazed and slow to react, and complained somewhat. However, a closer examination revealed that she had been in a similar state before the operation. Her mother is mentally defective. A psychiatric examination was carried out on the child, but did not reveal anything of importance, and she was discharged in good condition.
I should like to say a few words relating to our experience with hypotension and hypothermia. Hypotension was used in 16 cases of patent ductus, in which prior to operation there was a high pressure in the pulmonary artery and also for 34 operations for coarctation.
In the former group 3 deaths occurred, but in the latter only 1. There are two main indications for the use of hypotension in an operation for patent ductus arteriosus. Firstly, in order to reduce the pressure in the ductus itself, and so minimize the risk of bleeding or rupture during the course of the dissection and ligation or division; secondly, to reduce the pressure and improve blood flow in the pulmonary circulation. The results obtained have been very satisfactory to the surgeons, but as I have stated there were 3 deaths in this group.
Recently we have tried in 2 cases to combine the use of hypotension during operation with pre-and post-operative dehydration; this apparently has given good results. Out of a total of 12 deaths occurring in the patent ductus group of operations, 8 of the patients had pulmonary hypertension prior to operation. These cases are definitely a poor risk, and some of them are quite unable to tolerate clamping of the ductus, as it appears to act as a safety valve.
In coarctation of the aorta the systolic blood pressure is often 200 mm.Hg and during the operation it may rise even higher, to be followed by a sharp fall when the anastomosis is established.
Induced hypotension is of great value in these cases, and in a typical instance where it was employed the blood pressure remained around 100 mm.Hg during the whole of the operation, only rising slowly in the post-operative period. We have not seen a case of kidney complication arising from the use of hypotension, and in the series there was one death (Secher etal., 1956) .
Hypothermia has been used on 23 occasions but was reserved for the very poor risk cases of which the largest group -10 -had atrial septal defects (Fig. 1) . One-third of these patients died and almost as many developed ventricular fibrillation during operation.
We found this latter condition difficult to treat in the hypothermic patient, and achieved no success either with drugs or the defibrillator until the cesophageal temperature had been restored to 320-340 C. This was achieved by pouring about 150 litres of warm saline into the open thorax (Fig. 2) (Husfeldt and Secher, 1956) .
In our department we have virtually abandoned the use of hypothermia; it did not prove as successful as we had hoped and the production of bradycardia was the only real advantage. Operations upon atrial septal defects can be carried out with greater safety without the use of hypothermia and the results obtained by using the closed method are just as satisfactory.
Of the 1,005 cases reviewed here 105 died (about 10%) and the main factors relating to the cause of death are set out in Tables II-VII, which are largely self-explanatory. (From: Husfeldt and Secher (1956) by kind permission.) Table II shows the results in the patients who died, and it can be seen that the poorest results were obtained in those patients whose circulatory condition was little, if at all, improved by the operation. Furthermore the largest part of this group consisted of those cases of congenital heart disease operated upon during the first year of life, many of whom had multiple complicating malformations. In the mitral stenosis group the highest deathrate was found in those who had superimposed calcification of the valve; their average age at death was 45. Tables m and IV show the same 105 deaths grouped according to age and interval between operation and death; Tables V, VI and VII show the incidence of complications which occurred in these patients before, during and after operation respectively .   TABLE V.-PRE-OPERATIVE  TABLE VI.-COMPLICATIONS  TABLE VII.-PosT- 
